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Abstract 
Background: The Slender-billed Parakeet (Enicognathus leptorhynchus) is a psittacine endemic to southern Chile and 
an obligate secondary cavity-nester. In the central valley of southern Chile, most (94%) of the known Slender-billed 
Parakeet nests have occurred in large, mature southern beech (Lophozonia obliqua) trees (locally known as “pellines”). 
As relicts of the original old-growth forests of southern Chile, most pellines have been lost due to extensive land-
clearing throughout the region, potentially threatening long-term persistence of the Slender-billed Parakeet.
Methods: We conducted our study in the central valley of southern Chile, near the city of Osorno during three con-
secutive nesting seasons (November–January, 2008–2011). Nest trees used by Slender-billed Parakeets were located 
by direct observation of parakeet activities and through interviews with local residents, some of whom were former 
parrot nest poachers. Nest cavities were accessed, inspected and measured using single-rope climbing techniques. 
We report means, standard errors, 95% confidence intervals and ranges for 11 cavity-related variables. We also report 
clutch sizes encountered in active nests, and age estimates of nest trees based on known growth rates of Lophozonia 
trees in southern Chile. Linear regressions were used to evaluate potential relationships between cavity-related vari-
ables and clutch size.
Results: We located and measured 38 Lophozonia tree cavities used for nesting by Slender-billed Parakeets. Com-
pared to those used by other psittacines, nest trees were relatively large, averaging 30.4 ± 1.1 m in height with a 
mean diameter at breast height of 134.5 ± 4.7 cm. Based on estimated annual diameter increment, ages of nest trees 
ranged from approximately 209–485 years. Nest cavities entrances averaged 12.5 ± 0.9 m in height above ground 
level. Cavity entrance widths averaged 51.0 ± 13.3 cm (vertical) by 11.5 ± 0.7 cm (horizontal). Cavity entrance orienta-
tions were apparently random, with no directional preferences detected. Nest cavities were also relatively large, with 
a mean internal diameter of 39.6 ± 2.4 cm and mean depth of 90.3 ± 24.2 cm. Clutch sizes (2–9) were unusually large 
for psittacines of this size (ca. 280–300 g) and broods of up to seven well-developed nestlings were observed.
Conclusions: We found that the deep and spacious cavities provided by pellines facilitate successful rearing of large 
broods, thereby maximizing productivity and fitness. The existence of pellines has apparently allowed Slender-billed 
Parakeets to adapt successfully to a wholesale loss of ancestral habitat to anthropogenic modifications. Immediate 
and strategic conservation measures, such as protection of existing pellines and the regeneration and recruitment of 
additional ones, are recommended for ensuring the survival of Slender-billed Parakeet populations throughout the 
central valley of southern Chile.
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Background
The availability of suitable nest cavities is essential for the 
survival and persistence of secondary cavity-nesting spe-
cies (Newton 1994; Cockle et al. 2010; Bunnell 2013). For 
such species that specifically use arboreal cavities, cav-
ity suitability can depend upon factors such as internal 
cavity dimensions, entrance height and orientation and 
even particular tree species (Snyder et  al. 1987; Martin 
et  al. 2004; Cockle et  al. 2012; Renton et  al. 2015). This 
specificity in nest requirements can result in substantial 
limitations to cavity availability, especially in human-
modified environments (Cockle et  al. 2010; Edworthy 
and Martin 2013; Saunders et  al. 2014). Although attri-
tion and localized loss of tree cavities occur naturally 
over time (Wesołowski 2007; Edworthy et  al. 2012), 
anthropogenic activities (e.g. logging, land clearing) can 
result in accelerated and sustained loss, drastically reduc-
ing cavity availability at larger spatio-temporal scales 
(Cornelius et al. 2008; Cockle et al. 2010; Edworthy and 
Martin 2013). For secondary cavity-nesters, limitations 
or reductions in nest cavity availability can increase both 
inter- and intra-specific competition, increase predation, 
decrease reproductive success and potentially threaten 
population viability and persistence (Snyder et  al. 1987; 
Renton 2004; Cockle et  al. 2010; Jiménez and White 
2011).
The Slender-billed Parakeet (Enicognathus lepto-
rhynchus) is a medium-sized (ca. 280–300  g) psittacine 
endemic to southern Chile and, like most psittacines, an 
obligate secondary cavity nester. One of only two species 
in its genus, the Slender-billed Parakeet (hereafter SBP) 
has one of the most southerly ranges of any psittacine 
(34°S–44°S; Ridgely et  al. 2005), second only to its con-
generic Austral Parakeet (Enicognathus ferrugineus; Díaz 
and Kitzberger 2006). Although considered of “Least 
Concern” globally (IUCN 2015), the Chilean government 
considers the species as “Vulnerable” in southern Chile 
due to an apparent population decline (SAG 2008), but 
there has been little research into the reasons for this 
decline. In fact, only recently some habitat requirements 
of this species have become known (Peña-Foxon et  al. 
2011; Carneiro et  al. 2011, 2013), among which large, 
mature trees with ample cavities are essential. However, 
to date there has been no comprehensive quantitative 
description of the actual nesting cavities used by SBP in 
the central valley of southern Chile, an extensive area 
which has undergone dramatic landscape-level changes 
in habitat composition over the past century (Echever-
ría et al. 2006, 2007; Lara et al. 2012). These changes have 
resulted in an estimated loss of up to 98% of the original 
old-growth Lophozonia (formerly of the genus Nothofa-
gus; see Heenan and Smissen 2013) forests, with only 
around 4000 ha remaining as scattered fragments or iso-
lated trees (Salas et  al. 2006; Escanilla 2012). These rel-
ict Lophozonia forests are internationally recognized for 
their uniqueness and high biodiversity value (Myers et al. 
2000; Echeverría et al. 2012).
In this paper, we describe and quantify characteristics 
of southern beech (Lophozonia obliqua) trees and their 
associated cavities used for nesting by SBP in the central 
valley of southern Chile. This is the dominant tree species 
used for nesting by SBP in the region, accounting for at 
least 94% of all reported nesting cavities to date (Carneiro 
et  al. 2013). Accordingly, old-growth L. obliqua likely 
plays a key role in the ecology of SBP throughout the 
region, as suggested by Carneiro et  al. (2013). Thus, any 
information on how SBP currently utilizes these relict 
forest fragments with large, but isolated trees is essential 
for habitat conservation planning aimed at maintaining 
and perpetuating the SBP throughout the region. We 
also highlight comparisons and relationships between 
our findings and those reported for other cavity-nesting 
psittacines worldwide (see Rivera et al. 2011; Renton et al. 
2015), including suggestions for future research on SBP 
nesting ecology. We further discuss current threats to this 
unique forest resource and how these may affect future 
population persistence of the SBP in southern Chile.
Methods
Study area
We conducted our study in the central valley of southern 
Chile, near the city of Osorno (40°42′S, 73°10′W; Fig. 1). 
Originally comprised of continuous lowland temper-
ate forests dominated by L. obliqua, Persea lingue, Aex-
toxicon punctatum and Laurelia sempervirens (Veblen 
et al. 1979), the central valley now consists of an exten-
sive agricultural matrix of wheat, oat, potato and tulip 
crops interspersed with cattle pastures (Echeverría et al. 
2006; Carneiro et  al. 2011). Small dispersed stands of 
native second-growth forests and remnant fragments 
of old-growth forests, as well as scattered and isolated 
trees, comprised mainly of mature individual trees of L. 
obliqua (locally known as “pellines”), persist throughout 
the area (Salas et al. 2006; Jiménez and White 2011). The 
area climate is classified as oceanic wet-temperate (Köp-
pen climate classification Cfb; Kottek et  al. 2006) with 
an average annual precipitation of 1383  mm and aver-
age temperature of 11.4  °C (Carneiro et  al. 2013). The 
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topography is generally level to rolling, with elevations 
ranging from around 100–400 m above sea level (Veblen 
et al. 1979).
Nest cavity measurements
We located and obtained measurements of active nest 
cavities of SBP in L. obliqua trees during three consecu-
tive nesting seasons (November–January, 2008–2011). 
Nests were located by direct observation of SBP activi-
ties and through interviews with local residents, some of 
whom were former parrot nest poachers (Carneiro et al. 
2013). Because non-breeding SBPs are not known to 
use cavities for roosting (Carneiro 2010), birds entering 
cavities were assumed to be breeders. Nest cavities were 
accessed using single-rope climbing techniques (Perry 
1978; Whitacre 1981). Status and contents of each nest 
(eggs, chicks) were documented either by direct observa-
tion or use of a small digital camera. Because SBP breed-
ing pairs often explore multiple cavities before selecting 
a nest site (Carneiro 2010), nests were considered active 
only if eggs or chicks were detected within the cavity. 
Clutch sizes for active nests were also recorded. For those 
cavities that were active in multiple years, we report the 
largest known clutch size. For some nests, it was impos-
sible to determine accurately the exact number of eggs/
chicks, although their presence was confirmed by sight 
and/or sound. Cavities were inspected at least every 
2–3  weeks throughout the 3-month nesting season to 
maximize probability of detecting and documenting nest-
ing activities.
Heights of nest trees were measured using a clinom-
eter and the height of cavity entrances above-ground-
level (AGL) with a nylon measuring tape. Circumference 
of nest trees at breast height was measured with a nylon 
measuring tape and used to compute diameter at breast 
height (DBH). Based on reported growth rates and diam-
eter-age relationships for L. obliqua in southern Chile (see 
Echeverría and Lara 2004; Salas and García 2006; Salas 
et al. 2006), we also estimated the age of nest trees based 
on DBH. Nest entrance aspect (azimuth) was determined 
using a compass. Entrance height and width were meas-
ured using a steel measuring tape. We also measured 
internal diameter of cavities at entrance level in two hori-
zontal planes—parallel and perpendicular to the entrance 
axis. These two measurements were then used to calculate 
the area of an ellipse corresponding to the horizontal area 
within the cavity at entrance level. Cavity depth below 
entrance level was measured with either a steel tape, or a 
small lead weight attached to a nylon line. Cavity volume 
below the entrance level was computed as the product of 
cavity depth and the internal area ellipse. For this estimate 
we assumed vertical uniformity in internal cavity diame-
ters. Cavity measurements were obtained after chicks had 
fledged in order to minimize disturbance to nesting SBPs.
Fig. 1 Location of study area in southern Chile (inset) and locations of sampling sites near Osorno, Chile where Lophozonia tree cavities were 
measured
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Data analyses and reporting
We report means, standard errors, 95% confidence 
intervals and ranges for 11 cavity-related variables, i.e. 
nest tree height, nest tree DBH, nest tree estimated age, 
cavity height AGL, maximum entrance height, maximum 
entrance width, cavity diameter at entrance (two planes), 
cavity depth, internal ellipse and cavity volume. For SBP 
clutch sizes we report median and range for those nests 
in which an accurate count was obtained.
We used Rao’s spacing test (Bergin 1991) to detect 
potential preferences in nest entrance orientation. We 
used Pearson product-moment correlations to test for 
correlations among cavity variables, given that such 
correlations may indicate potential external predictors 
of internal cavity characteristics. Because of suggested 
potential relationships between clutch and/or brood 
size and internal cavity dimensions (e.g. Karlsson and 
Nilsson 1977; Gustafsson and Nilsson 1985; Rendell 
and Robertson 1989; but see Pitts 1988; Bortolotti 
1994) we also used simple linear regressions to test for 
relationships between SBP clutch size and the internal 
ellipse of cavities (a surrogate for floor area), cavity depth 
and cavity volume after log-transforming these cavity 
variables for normality (Sokal and Rohlf 1981). Because 
of small sample sizes, we considered tests significant 
at p ≤  0.10 to minimize Type II error (Sokal and Rohlf 
1981). Statistical tests were conducted using MINITAB® 
Release 13 for Windows statistical software.
Results
Nest trees
We obtained measurements from 38 different SBP nest 
cavities in L. obliqua trees (Table  1). Two additional 
nests were found, one each in Eucryphia cordifolia and 
L. sempervirens trees (see Carneiro et  al. 2013) but not 
included in this study. Thus, L. obliqua provided 95% of 
the nest cavities used by SBP in the study area.
Using an estimated diameter increment rate of 0.4 cm/
year (Echeverría and Lara 2004; Salas and García 
2006; C. Salas pers. comm.), we estimated the aver-
age age of L. obliqua SBP nest trees to be approximately 
336 ± 12 years (Table 1; Fig. 2), with the youngest being 
209  years. Overall, approximately 66% of all nest trees 
were 250–400  years old (Fig.  2) and relicts of the origi-
nal old-growth forest (Veblen et al. 1980; Díaz et al. 2005; 
Lara et al. 2012).
Nest cavities
Not surprisingly, cavity entrance height AGL was 
positively correlated with nest tree height (r  =  0.379; 
p  =  0.02) and nest tree DBH (r  =  0.315; p  =  0.05), as 
also reported by Cockle et  al. (2011b). That is, larger 
and taller trees typically bore cavities that were higher 
above ground. All nest cavities were in the main trunk 
and apparently of natural origin (e.g. polypore fungal 
decay; see Cockle et al. 2012), as opposed to having been 
excavated by primary cavity users such as woodpeckers 
(Piciformes). Nest cavities—albeit relatively high—nev-
ertheless tended to be located in the lower half of tree 
boles (Table  1), where past injuries from limb break-
age or mechanical damage were oldest and fungal decay 
and associated cavity development likely more advanced 
Table 1 Mean, standard error (SE), 95% confidence 
interval (CI) and  range for  11 characteristics of  38 Slen-
der-billed Parakeet (E. leptorhynchus) nesting cavities 
in  southern beech (L. obliqua) trees in  the central valley 
of southern Chile, 2008–2011
DBH diameter at breast height
a Based on Echeverría and Lara (2004), Salas and García (2006), Salas et al. (2006)
b Above ground level
c Parallel to entrance axis (front-to-rear)
d Perpendicular to entrance axis (left-to-right)
e Horizontal area within cavity at entrance level
f Product of cavity depth and internal ellipse
Cavity feature Mean SE CI Range
Nest tree height (m) 30.4 1.1 28.8–32.5 5.0–43.5
Nest tree DBH (cm) 134.5 4.7 125.4–144.0 83.4–193.9
Nest tree agea (years) 336.3 12.3 312.2–360.4 209.0–485.0
Cavity heightb (m) 12.5 0.9 10.7–14.2 3.0–22.8
Entrance height (cm) 51.0 13.3 24.9–77.1 28.5–400.0
Entrance width (cm) 11.5 0.7 10.2–12.8 6.0–25.0
Cavity diameter Ac (cm) 36.5 2.6 31.8–41.9 12.0–73.0
Cavity diameter Bd (cm) 39.6 2.4 34.8–44.3 18.0–84.0
Cavity depth (cm) 90.3 24.2 42.9–138.5 5.0–500.0
Internal ellipsee (cm2) 1239.0 163.0 919.5–1558.5 170.0–4022.0





















Fig. 2 Age distribution of L. obliqua trees used for nesting by E. lepto-
rhynchus in the central valley of southern Chile, 2008–2011
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(Cockle et al. 2011a, 2012). Cavity entrances also tended 
to be asymmetrical, with far more variation in entrance 
height than in width (Table  1). Nest cavities used by 
SBP had an average entrance width of only 11.5  cm, as 
opposed to an average entrance height of 51 cm (Table 1). 
There was no significant directionality (U38  =  131.4; 
p = 0.27) in cavity entrance orientation. Entrance orien-
tations were almost evenly distributed by cardinal direc-
tion (Fig.  3), with westerly entrances used only slightly 
less than other directions.
In contrast to entrance asymmetry, internal cavity 
diameters were more uniform, with a generally ellip-
tical internal configuration averaging approximately 
37 cm × 40 cm at entrance level (Table 1; Fig. 4). Internal 
dimensions (depth  ×  internal ellipse) of SBP nest cavi-
ties resulted in an average cavity volume of approximately 
94 L, with substantial variation (Table  1). There was no 
significant correlation between nest tree DBH and either 
cavity depth (r  =  0.152; p  =  0.46) or internal ellipse 
(r = 0.268; p = 0.18), nor between nest tree height and 
cavity depth (r = −0.155; p = 0.45) nor cavity entrance 
height AGL and cavity depth (r  =  0.090; p  =  0.66). In 
other words, there were no reliable external predictors of 
cavity depth or volume. However, there was a marginally 
significant negative correlation (r  =  −0.321; p  =  0.10) 
between cavity entrance height AGL and internal ellipse, 
suggesting that higher cavities have slightly smaller inter-
nal diameters, as would be expected due to typical ver-
tical tapering of Lophozonia trunks (Veblen et  al. 1980; 
Bunnell et  al. 2002; Salas and García 2006). If so, this 
could mean that we may have slightly underestimated 
floor area (from entrance internal ellipse) and cavity vol-
ume, especially for the deepest cavities with potentially 
more vertical internal taper.
Clutch size
Clutch sizes (n =  26) for SBP ranged from two to nine, 
with a median (and mode) of five (Fig. 5), with broods of 
up to seven well-developed nestlings observed (Fig.  4). 
There was no significant relationship between clutch 
size and cavity internal ellipse (r2  =  0.03; F1,19  =  0.51; 
p  =  0.48), although a slightly stronger—albeit non-sig-
nificant—relation was detected between clutch size and 
cavity depth (r2 = 0.08; F1,18 = 1.48; p = 0.24). However, a 
marginally significant positive relationship was detected 
between clutch size and cavity volume (r2  =  0.14; 
F1,18 = 2.91; p = 0.10).
Discussion
Nest trees used by SBP and cavity entrance
In this study, SBP nested almost exclusively (95%) in cavi-
ties of mature southern beech (L. obliqua) trees. Snyder 
et al. (1987) reported similar findings for Puerto Rican Par-
rots (Amazona vittata) nesting in montane rainforests of 
the Luquillo Mountains, where palo colorado trees (Cyrilla 
racemiflora) accounted for 96% of known nest cavities. 
In the Pantanal region of Brazil, cavities in Panama trees 
(Sterculia apetala) also accounted for nearly 86% of Hya-
cinth Macaw (Anodorhynchus hyacinthus) nests (Pinho and 
Nogueira 2003). In New Zealand, a single species (Metrosi-
deros excelsa) provided 67% of the tree-cavity nests used by 
Red-crowned Parakeets (Cyanoramphus novaezelandiae; 
Ortiz-Catedral and Brunton 2009).
Nest trees used by SBP were also relatively large 
(Table  1) compared to those used by psittacines else-
where (see Rivera et  al. 2011; Renton et  al. 2015). For 
example, Díaz and Kitzberger (2012) reported that nest 
cavities of the congeneric Austral Parakeet in Argentina 
were found in Nothofagus pumilio trees averaging 61 cm 
DBH, less than half the size of those reported in this 
study. According to Renton et al. (2015), most (ca. 80%) 
psittacines nest in trees <125 cm DBH, compared to the 
mean of 134 cm used by SBP (Table 1).
However, our findings regarding cavity entrance height 
(Table 1) are consistent with those of Renton et al. (2015), 
who reported that 60% of psittacines use cavities with 
entrances >9  m AGL. Nilsson (1984) and Renton et  al. 
(2015) both assert that selection of nest sites higher up 
in trees is an adaptive response to predation. As exam-
ple, Cockle et al. (2015) reported greater nest survival in 
higher cavities that provided greater protection from ter-
restrial mammals, as did Sanz (2008) for nests of Yellow-
shouldered Parrots (Amazona barbadensis) in Venezuela. 
Indeed, in our study region there are several ground and/
or semi-scansorial potential predators of SBP (e.g. Pseu-
dalopex griseus, Leopardus guigna, and exotic Felis catus 
and Neovison vison) that may be more effectively avoided 




Fig. 3 Entrance orientations of nest cavities in L. obliqua trees used 
by E. leptorhynchus in the central valley of southern Chile, 2008–2011
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Entrance dimensions of SBP nest cavities were similar 
to those used by Tucuman Parrots (Amazona tucumana) 
in old-growth forests in Argentina (Rivera et  al. 2011). 
Indeed, Rivera et al. (2011) also reported a general trend 
of asymmetry in nest cavity entrances used by 10 other 
Amazona spp., with all exhibiting far less variation in 
entrance width than height. Based on data from 59 par-
rot species, Renton et  al. (2015) also found that the 
diameter of the cavity entrance was significantly related 
to parrot body size. Interestingly, applying the Ren-
ton et  al. (2015) entrance diameter/body mass equation 
(y  =  0.01x  +  10.14) to the SBP (290  g) predicts a cav-
ity entrance diameter of approximately 13  cm, in close 
accordance with our findings (Table  1). In general, par-
rots tend to use cavity entrances with widths just large 
enough for them to enter, yet small enough to deter 
larger competitors or predators (Brightsmith 2005a; Ren-
ton et al. 2015).
Size and orientation of nest cavities
Internal diameters of SBP nest cavities in this study were 
somewhat larger than those of similar-sized parrots 
reported by Renton et al. (2015), who found that cavities 
with internal diameters ≥  40 cm were typically used by 
larger-bodied macaws and cockatoos, as also reported 
Fig. 4 Interiors of E. leptorhynchus nest cavities in L. obliqua trees, central valley of southern Chile, 2008–2011. Note brood of seven nestlings near 





















Fig. 5 Clutch sizes of E. leptorhynchus nesting in L. obliqua cavities in 
the central valley of southern Chile, 2008–2011
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by Parra-Martínez et  al. (2015). Similar to findings of 
Peña-Foxon et al. (2011), nest cavity substrate consisted 
primarily of decomposed dry wood fragments sloughed 
off from interior walls, mixed with a few scattered 
SBP body feathers (Fig.  4). Average depth of SBP nest 
cavities (90 cm) was comparable to those used by other 
psittacines (Rivera et al. 2011; Renton et al. 2015), most 
of which (86%) use cavities with a mean depth ≥50 cm, 
with over a third using cavities >90  cm deep. As with 
cavity entrance height, deeper cavities also tend to 
provide greater protection from nest competitors and 
predators (Martin et  al. 2004; Cockle et  al. 2011b). For 
example, deeper cavities provide greater protection to 
Puerto Rican Parrots from nest predation and usurpation 
by Pearly-eyed Thrashers (Margarops fuscatus; Snyder 
et al. 1987; White et al. 2005). In Australia, Saunders et al. 
(2014) found that Carnaby’s Cockatoos (Calyptorhynchus 
latirostris) that selected nesting cavities <40  cm deep 
were less successful than those using cavities >100  cm 
in depth. Indeed, predation (and its avoidance) is 
considered to have had a major effect on the evolution of 
avian nesting behavior, especially that of cavity-nesters 
(Nilsson 1984; Martin 1993a; Brightsmith 2005a).
Our findings contrast with those of several prior 
studies of psittacine nest sites (e.g. White et  al. 2006; 
Dias 2011; Díaz and Kitzberger 2012), in which birds 
showed distinct preferences in entrance orientations. For 
example, White et al. (2006) found a preference by Puerto 
Rican Parrots for southwesterly entrance orientations 
providing protection from prevailing winds and rain, 
as did Snyder et  al. (1987), who further reported non-
random orientations of Hispaniolan Parrot (Amazona 
ventralis) nests in the Dominican Republic. Dias (2011) 
also reported a significant preference for northeasterly 
cavity entrances by Yellow-faced Parrots (Alipiopsitta 
xanthops) in Brazil, but did not posit any reasons for 
such. Moreover, Díaz and Kitzberger (2012) found a 
distinct avoidance of westerly-facing nest cavities by the 
congeneric Austral Parakeet in neighboring Argentina, 
ostensibly to lessen exposure to dominant winds and 
storms from the nearby Andes Mountains. However, 
the study area of Díaz and Kitzberger (2012) was on the 
opposite side (i.e. east) of the Andes from our study area. 
In our study area, a lack of strong prevailing winds or 
significant storm events during the SBP nesting season 
(DMC 2001) likely reduces selective pressure on cavity 
entrance orientation. Thus, SBP apparently do not exhibit 
selectivity for this cavity feature. In the agricultural 
“wheatbelt” of Western Australia, Saunders et al. (1982) 
reported similar findings for cavity-nesting Galahs 
(Cacatua roseicapilla), Corellas (Cacatua pastinator), 
and Red-tailed Black Cockatoos (Calyptorhynchus 
magnificus).
Clutch size and factors affecting it
Clutch and brood sizes of SBP were extraordinarily 
large. Peña-Foxon et al. (2011) also reported clutch sizes 
(n  =  2) of six and ten for SBP nesting in Nothofagus 
nitida trees on Chiloé Island, approximately 140  km 
south of our study area. Moreover, Díaz and Kitzberger 
(2012) documented clutch sizes of 3–10 for the Austral 
Parakeet nesting in N. pumilio cavities in Argentina. Such 
large clutches for psittacines of this size are unusual, as 
they are normally associated with parrots less than half 
their size (see Beissinger and Waltman 1991; Masello and 
Quillfeldt 2002; Ortiz-Catedral and Brunton 2009). By 
comparison, psittacines approximately the same size as 
the SBP (ca. 280–300 g) typically lay 2–4 eggs (see Snyder 
et al. 1987; Rinke 1989; Enkerlin-Hoeflich 1995; Masello 
and Quillfeldt 2002). Indeed, the body mass/clutch size 
allometric curve of Masello and Quillfeldt (2002) predicts 
a clutch size of 3–4 for the SBP.
The observed relationship between clutch size and 
cavity volume suggests that the combination of two 
internal characteristics (depth  ×  internal diameter) 
may affect nest productivity (via clutch size) more than 
either variable separately. Given evidence that internal 
diameters at entrance level may underestimate floor 
areas of deeper cavities (see “Results” section), this might 
explain such a counterintuitive pattern, since the actual 
effect of cavity floor area on clutch size would also have 
been underestimated in this case; hence the observed 
interaction (and increased effect) of entrance internal 
ellipse and depth. Indeed, in a study of several cavity-
nesting passerine species, Van Balen (1984) reported 
that clutch size steadily increased with cavity volume and 
with cavity floor areas up to around 150 cm2, but found 
a weaker relationship in larger (e.g. >300  cm2) cavities. 
Alatalo et  al. (1988) reported similar findings for Pied 
Flycatchers (Ficedula hypoleuca), as did Rendell and 
Robertson (1989) for Tree Swallows (Tachycineta bicolor). 
In our case, some caveats to this assertion include our 
small sample sizes and high variability (Table  1), which 
also may have reduced the likelihood of detecting the 
effect of the internal area of a cavity on clutch size, if any 
(see Purcell et al. 1997). Moreover, Karlsson and Nilsson 
(1977) reported that clutch sizes and productivity of 
“larger” species showed far less response to changes in 
cavity size. Thus, these specific findings (i.e. SBP clutch 
size/cavity dimensions) remain inconclusive, albeit 
suggestive of areas for future investigation into SBP 
nesting ecology.
If our findings on the effects of cavity dimensions 
per se on SBP clutch size are inconclusive, what other 
hypotheses might explain observed patterns and extraor-
dinarily large clutches? According to the limited breeding 
opportunities hypothesis for avian clutch size (Beissinger 
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and Waltman 1991; Martin 1993b; Beissinger 1996), limi-
tations in either the number or availability of adequate 
nest sites should favor an increase in clutch size, in order 
to maximize returns on energy investment (and hence 
increase fitness) of reduced nesting opportunities. If so, 
then populations without nest site limitations should 
have smaller clutches than those with limited availability 
of cavities. However, Díaz and Kitzberger (2012) found 
that nesting by the congeneric Austral Parakeet in intact 
old-growth forests was apparently not limited by cavity 
availability, yet clutch sizes equaled or exceeded those 
of SBP in this study. Other researchers (e.g. Brightsmith 
2005b; Wesołowski 2007; Rivera et  al. 2011) have also 
reported that secondary cavity-nesters do not face cav-
ity limitations in “primeval” or intact old-growth forests. 
However, over the past century the area and distribution 
of old-growth Lophozonia forests have been reduced by 
at least 98% throughout the central valley of southern 
Chile (Salas et al. 2006; Echeverría et al. 2007). Although 
we have no quantitative data on current Lophozonia cav-
ity availability within the central valley, it is intuitively 
logical that such a sweeping landscape-level conver-
sion of old-growth forests to agricultural production has 
resulted in a concomitant reduction in Lophozonia cav-
ity availability for SBP across the region. Yet, SBP clutch 
sizes were no larger than those of its closely-related 
congeneric species nesting in intact old-growth forests. 
Accordingly, the predictions of the limited breeding 
opportunities hypothesis relative to clutch size for this 
species are not consistent with our findings.
Instead, we hypothesize that the relationship between 
SBP clutch size and Lophozonia cavities constitutes more 
than a facultative response to specific characteristics and 
availability of existing cavities (i.e. limited breeding oppor-
tunities) and may instead represent an evolutionary adap-
tation to the latitudinal range of this species. The genus 
Enicognathus, comprised of the SBP and its congeneric 
Austral Parakeet, occupies an overall geographic range 
between 34°S and 56°S in the Patagonia region of Chile and 
Argentina (Ridgely et  al. 2005; Díaz and Kitzberger 2012; 
JEJ unpublished data). The Lakes Region of southern Chile 
(location of our study area) lies at approximately 40°S–42°S. 
At these higher latitudes, night-time temperatures during 
the SBP nesting season (November–January) often decline 
to 2–5 °C (DMC 2001). Peña-Foxon et al. (2011) reported 
that SBP nestlings exhibited two successive downs prior 
to feather development, with the second down being par-
ticularly dense and attributed this to adaptation to colder 
temperatures. If so, large broods may be an additional ther-
moregulatory adaptation, as the increased mass of addi-
tional nestlings may more effectively retain heat, especially 
during recurrent night-time low temperatures. Although 
nesting adults roost inside cavities with their nestlings, 
the increased mass of larger family groups may provide 
thermoregulatory benefits to all members. Additionally, 
increased clutch size may also provide increased insurance 
against incubation losses (Renton and Salinas-Melgoza 
2004; Olah et al. 2014), when the effects of an adverse nest 
microclimate may be more manifest (Webb 1987; Beiss-
inger et  al. 2005). Indeed, during this study we observed 
that although broods were relatively large (i.e. 3–7), in some 
nests several eggs failed to hatch, for unknown reasons. 
Peña-Foxon et al. (2011) reported similar observations for 
SBP nests on northeastern Chiloé Island (41°S, 73°W). The 
factors affecting incubation and avian embryonic devel-
opment are complex (see Bucher 1983; Wiebe 2001; Shoji 
et  al. 2015) and while several studies have found species-
specific variations in thermal tolerances (e.g. Williams and 
Ricklefs 1984; Booth 1987; Sockman and Schwabl 1998), 
optimal incubation conditions for SBP in natural cavi-
ties remain unknown. Although increased clutch size has 
been shown to increase energy costs to incubating females 
(Haftorn and Reinertsen 1985; Moreno and Carlson 1989; 
Reid et al. 2000), the potential gains in fitness accrued via 
larger broods may ultimately offset any such incubation 
costs for SBP (Charnov and Krebs 1973; Smith and Fretwell 
1974; Brockelman 1975).
Threats to SBP habitat
The vast majority of old-growth Lophozonia trees have 
been lost to agricultural conversion throughout the cen-
tral valley (Echeverría et al. 2006, 2007; Salas et al. 2006). 
The relict, scattered mature trees (“pellines”) that remain 
have apparently allowed SBP to adapt successfully—at 
least temporarily—to what is effectively a wholesale loss 
and fragmentation of their ancestral habitat. We empha-
size “temporarily”, because the apparent lack of regenera-
tion and the more recent replacement of pellines in the 
region by exotic Monterrey pines (Pinus radiata) and 
Eucalyptus spp. (Carneiro 2010; Lara et al. 2012), coupled 
with the now advanced age of existing nest-cavity pel-
lines (Fig. 2), portends a yet further and dramatic future 
decline in this resource with ominous implications for 
SBP, as also predicted by Ibarra and Martin (2015) for 
the congeneric Austral Parakeet. Even without natural 
attrition, pellines are also being rapidly lost to felling for 
fence posts, firewood and further agricultural intensifica-
tion (Fig.  6; see also Carneiro et  al. 2012). In Australia, 
Saunders et  al. (2014) reported a strikingly similar situ-
ation with Carnaby’s Cockatoo, in which cumulative loss 
and lack of replacement of large nest trees is predicted 
to result in the loss of 70% of all nest sites for the spe-
cies over the next 100  years. A similar cumulative loss 
of Lophozonia pellines in the central valley of southern 
Chile could potentially result in loss of up to 95% of SBP 
nesting sites, based on current nesting behavior. These 
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situations are not merely isolated events, as large old cav-
ity-bearing trees are in rapid decline globally (Gibbons 
et al. 2008; Lindenmayer et al. 2012, 2014), jeopardizing 
their unique ecological role in maintaining ecosystem 
functions and attendant biodiversity (Manning et  al. 
2006; Manning and Lindenmayer 2009; Ibarra and Mar-
tin 2015). For secondary cavity nesters such as the SBP, 
the loss of suitable nest cavities can have severe conse-
quences. For instance, due to widespread deforestation 
during the past century, the Puerto Rican Parrot was rel-
egated to nesting in unsuitable cavities, resulting in the 
near demise of the species (Snyder et al. 1987; White et al. 
2014). In this case, intensive nest cavity management and 
substitution with artificial cavities narrowly averted spe-
cies extinction (Snyder et al. 1987; White et al. 2005), but 
to replicate such efforts at the scale necessary to ensure 
regional SBP survival would be logistically complicated, 
exceedingly time-consuming, and prohibitively costly.
Conclusions
In the central valley of southern Chile, mature Lopho-
zonia trees provide typically large, deep and spacious 
nest cavities for Slender-billed Parakeets. Use of Lopho-
zonia cavities for nesting appears highly adaptive for 
SBP; as such cavities allow successful rearing of large 
broods, thereby maximizing productivity and fitness. The 
high use of not only L. obliqua, but also N. pumilio and 
N. nitida by nesting Enicognathus spp. in the Patagonia 
region suggests a keystone role of southern beech (i.e. 
Nothofagaceae) in the regional ecology of Enicognathus. 
Nearly 91% of all documented Enicognathus spp. nest 
cavities have occurred in large, mature Lophozonia or 
Nothofagus spp. trees throughout the Patagonian land-
scape. These genera may be more prone to fungal heart 
rot and thus, offer more natural cavities than other tree 
species. Furthermore, frequent use of old-growth Lopho-
zonia and Nothofagus spp. trees as food sources by 
Enicognathus suggests the genus Enicognathus an old-
growth specialist. Clearly, the ecological importance of 
this unique forest resource for these parrots should not 
be underestimated.
Finally, while we recognize and acknowledge the 
speculative nature of some of our hypotheses, given the 
current paucity of ecological data on the SBP, we believe 
such speculation is both warranted and useful in this 
instance for elucidating potentially fertile areas for future 
research. Indeed, identifying and addressing current 
species-specific ecological uncertainties is a logical and 
Fig. 6 Examples of factors contributing to loss of mature L. obliqua trees in the central valley of southern Chile. Note size of felled tree in lower left 
image, and lack of regeneration in upper right (intensive cultivation) and lower right (intensive grazing) images. Upper left image depicts trees felled 
for firewood and fence posts (photos by JEJ)
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necessary step towards strengthening the scientific basis 
for effective conservation strategies aimed at preventing 
or reducing future SBP population declines. Moreover, 
further study of SBP ecology in the few remaining 
undisturbed and/or lesser disturbed forests outside the 
central valley may also provide additional validation or 
refutation of our specific findings and hypotheses.
Conservation implications
If the SBP is to persist in the central valley of southern 
Chile, several steps must be taken in the near term to 
ensure the continued availability of suitable nest cavities 
(see Manning and Lindenmayer 2009; Ibarra and Martin 
2015). Foremost among these is the conservation of exist-
ing pellines with characteristics consistent with those 
used by SBP (see Carneiro et al. 2013; this study). This will 
require extensive surveys to determine current numbers 
and distribution of such trees in the region and to prior-
itize specific areas for conservation efforts, as also sug-
gested by Lindenmayer et al. (2014) for similar landscapes 
globally. Secondly, given that Lophozonia trees apparently 
need at least 200 years to produce cavities suitable for SBP 
(Fig. 2), conservation programs should also include those 
trees within the 150–200  year age class (i.e. 60–80  cm 
DBH). In Australia, similar findings were reported by 
Gibbons and Lindenmayer (2002), who found that large 
cavities were rare in trees <220  years old. Upon reach-
ing their cavity-producing age (ca. more than 200 years), 
pellines may potentially provide useable SBP nest cavities 
for up to two centuries, based on ages of nest trees in this 
study (Fig.  2). Finally, promoting effective regeneration 
of new southern beech trees at appropriate sites should 
also be fostered (Veblen et  al. 1979; Lindenmayer et  al. 
2014), since current intensive land use practices severely 
inhibit natural Lophozonia regeneration (see Fig.  6). In 
such cases, Manning et al. (2006) proposed the technique 
of “micro-restoration”, by which regeneration is facilitated 
by selectively fencing small (<30 m radius) areas around 
existing large trees, or groups of large trees. Given that 
virtually all such trees are on private land, this will also 
require creative and effective conservation agreements 
with landowners, coupled with systematic and continuous 
public environmental education on the ecological value of 
pellines. This is not a straightforward affair; many farmers 
in the region consider the SBP to be a crop pest due to 
its foraging on germinating grains. During informal con-
versations with a number of these farmers, most admitted 
that crop losses to SBP were inconsequential, but there 
were yet others for whom no losses at all were accepta-
ble and conservation of pellines to benefit the SBP would 
be unlikely to garner support from those of such mind. 
Accordingly, effective conservation of pellines would also 
likely require some type of enforceable codified measures 
by local and/or national policy-makers.
At a broader sociological and temporal scale, promoting 
the overall ecological importance of pellines in the south-
ern Chilean landscape may likely be the most effective 
means of engendering local appreciation of—and support 
for—protection of these old-growth forest relicts. Such 
trees have been termed “keystone structures” due to the 
wide variety of organisms and ecological processes with 
which they are intricately associated (e.g. Tews et al. 2004; 
Manning et  al. 2006; Lindenmayer et  al. 2014). Indeed, 
during our study we also documented use of pellines for 
nesting—in cavities or branches—by several other avian 
species (e.g. Jiménez and White 2011), as well as use of 
ground-level cavities for denning by Patagonian gray 
foxes (P. griseus). Thus, conservation and perpetuation of 
cavity-bearing pellines would provide long-term benefits 
not only to Slender-billed Parakeets, but also to a broader 
community of vertebrate species in southern Chile.
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